For the evaluation of policy reforms numerous governments use, among other sources, administrative social security data. Although this data is large and contains detailed information about policy measures, it inherits several limitations due to the administrative process of generating data. This paper explores the implications of missing interval information in data from the UK (JUVOS) for the analysis of unemployment duration. Variants of the JUVOS are used by the labour administration and the research community as an important source for the analysis of unemployment. While previous work has mentioned the relevant data limitations, they were not taken into account in the empirical approaches. The econometric analysis in this paper shows that competing implementations of unemployment duration in the data yield partly unstable empirical result pattern even in presence of a huge number of observations.
from several administrative registers which are merged with the help of an individual's national insurance number. Recently, it has been extensively used to evaluate reforms of the social security system on behalf of national governments. For this purpose the UK Department for Work and Pension (DWP) has access to several administrative registers (e.g. benefit claimants, tax records).
There are several variants of merged administrative data in the UK. The most comprehensive is the Work and Pensions Longitudinal Study (WPLS) which was released in 2004 1 . This data base plays an important role for the internal processes in the UK public labour administration. Moreover, the DWP carries out internal and contracted research to evaluate a variety of policy measures.
This currently includes research on many aspects such as disability benefits or child benefits (see DWP, 2008 and Kossigh, Walker and Zhu, 2008) . In some cases, the benefit data is also merged with household interview data, see for example Green at al. (2003) or Bryson and Kasparova (2003) . Interview data can add valuable information which is not available from administrative sources. Access to administrative individual data is restricted due to data protection clauses and access to WPLS cannot be granted for independent researchers. Academic research is therefore restricted to scientific use files but they are available in few cases only. Since the early 1990s various household surveys have been used to explore the determinants of unemployment duration. errors (Machin and Manning, 1999) . However, it has also several limitations. It contains only few household background variables and there are considerable unobserved periods in individual employment biographies. Interval information is missing if it is not covered by the administrative processes and in many cases this leads to an ambiguity regarding the labour market state. The resulting bounds of their analysis can be rather wide and preclude any causal inference even in presence of a large number of observations and exact information about the policy measure. This is the motivating starting point of this work which aims in analysing similar data problems in UK administrative data which have not been addressed yet.
Previous work using the JUVOS has usually defined one unemployment period as one claim period and it has not explicitly accounted for unobserved periods and ambiguity regarding the labour market state. This work
• suggests different implementations of unemployment duration in the JUVOS,
• creates a competing risks data structure although the data contains information about one administrative register only,
• estimates non-and semiparametric econometric duration models and explores how sensitive the estimation results are with respect to the definition of unemployment.
The paper explores the information content of the JUVOS for unemployment duration analysis and it illustrates the implications of limited data availability for the precision of empirical results.
The results show that several empirical result patterns are not robust while others are. It therefore depends on the specific research question at hand whether the JUVOS can be used as a reliable data source for applied labour market research. The paper is structured as follows: section 2 describes the data structure. Section 3 suggests several implementations of unemployment duration. The results of the empirical analysis are presented in section 4 and section 5 summarises and concludes.
Data
We use the August 2007 edition of the Claimant Unemployment Cohort (JUVOS Cohort). This data is available as a Scientific Use File from the Office for National Statistics (Ward and Bird, 1995) . It is a 5% random sample drawn from the population of unemployment benefit claimants in the United Kingdom. The sampling is based on the national insurance number. The core of this spell data are daily claim periods for unemployment compensation in the period from the early 1980s until June 2007. Beside this it contains basic individual characteristics such as sex, marital status and age, regional information and occupational information. It therefore contains much less interesting variables compared to survey data such as the Labour Force Survey or the British Household Panel Survey. The strength of this data is that individual unemployment trajectories can be tracked for many years on a daily basis. There is also a variable indicating the end reason of a claim period. This information can be used to determine the post unemployment labour market state or to obtain a better understanding of gaps between two claim periods. we will also address data quality issues of this variable.
A list of the reasons for leaving is given in figure 2 . Due to the large number and as these reasons do not define unique labour market states, it is difficult to use them directly for empirical work. For this reason we make an attempt to classify five important labour market states from the original variable coding: employment, unemployment, nonemployment, training and full-time education. Moreover, the original coding can often not be attributed to a unique labour market state. The colours in the table are used to distinguish between the different cases. If a reason for leaving corresponds to a unique labour market state, it is highlighted in a specific colour to figure 2 ). If it is not the case, the labour market state is uncertain and not highlighted in a colour. Note that this is a broader classification than the original coding for "not known". The DWP has already carried out some contract research to explore the unknown destinations of JSA leavers (Wolstenholme, 2004 The percentage numbers in the third column refer to the empirical distribution for these groups using data in the period 1997-2007. It is apparent that the codes do not uniquely identify the destination state for about 40% of the administrative records. This number is by means not negligible. The suggested classification forms the basis for the following implementation of unemployment duration in the data and hence for the empirical analysis. Information about destination states will be used to compute the length of unemployment periods. Moreover, it enables us to construct a competing risks data structure. Since the reason for leaving variable is self-reported by the unemployed, it may also be subject to measurement error. Unfortunately, the degree of measurement error and the type are unknown. The following analysis ignores this potential issue. A general limitation of administrative data is that the number of variables is small in the data. 
Definition of Unemployment
In this section we define five concepts to measure the length of an unemployment period. We suggest lower and upper bounds of the unemployment period and several intermediate definitions. It is unclear which of the five implementations is closest to the ILO concept of unemployment.
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In our empirical exercise we will look at transitions from unemployment to employment or training measures (ALMP). For this reason we do not count periods of participation in ALMP as periods of unemployment. It is also important to note that the start of the receipt of unemployment compensation is not necessarily the start of the unemployment period. This means it is unclear when the transition into an unemployment period takes place. This is in particular a problem for younger individuals who are just entering the labour market and who are therefore not entitled for contribution based JSA. As the data does not contain general information about the start date, it can be better determined for specific subpopulations. For this reason we also perform the empirical analysis for a sample of unemployment spells with a foregoing employment period. We identify this by conditioning on unemployed who found a job at the end of her/his last unemployment period. This is because if somebody is employed, she or he is likely to be entitled to contribution based JSA in case of unemployment (provided the employment period was long enough and the unemployed did not voluntarily quit the job). In this case the start of the claim period is likely to equal the start of the unemployment period as contribution based JSA is not means tested.
Therefore, by conditioning the sample on spells with a foregoing employment we aim at obtaining a sample of unemployment periods with observed start points.
2 The ILO concept is not even fully recoverable from much richer merged administrative data as in Germany (Kruppe et al., 2008) . For this reason we do not make an attempt here to solve this issue.
Empirical Analysis
In this section we present some exploratory evidence to which extent the different data preparation steps imply sensitivity of the empirical results. First, we will focus on the number of unemployment spells and the distribution of destination states. Then we will analyse the duration of unemployment by means of several econometric methods. To facilitate the reading we will present results for the lower and upper bound of the unemployment duration (Concepts 1 and 5) only. e Not reported because Concept 5 assumes employment as defined by codes B N. Table 4 states the median unemployment duration of the samples. Depending on the sample and the definition of unemployment, half of the spells is less than 60 − 80 days long. This suggests that most of the spells are very short. Moreover, it can be seen that the median unemployment duration is about 20% longer for Concept 5 than for Concept 1. Surprisingly, the sample of spells with a pre-existing employment spell has similar median duration as the full sample. In order to investigate these results in more detail we will now analyse the full distribution of unemployment duration. For this purpose we will apply the Kaplan-Meier estimator (Kaplan-Meier, 1958 ) to estimate the marginal distributions of the failure types of employment and ALMP. This estimator is consistent provided that competing failure types and censoring times are independent. Since the number of observations is huge, the following analysis will not report confidence bands.
The estimated survivor curves confirm the finding that the majority of spells is rather short (see figure 3) . Depending on the definition of unemployment and the sample, the probability of an exit to employment within 200 days is between 60-80% (see panels a and b). The curves have a similar shape. They fall steeply during the first three months. From month three to one year they flatten out and after one year they are flat. This means that the probability of entering a new job after one year of unemployment is low. For exits to employment, it seems that the definition of unemployment has a smaller effect on the results than the selection of the sample we look at the survivors for all exit states (panel d), we do not observe strong differences in the shape of the curves for different definitions of unemployment and samples. As a next step we will estimate an econometric model with more structure and will determine the statistical association between several observed variables and the length of an unemployment period. We will perform a sensitivity analysis of estimated coefficients with respect to data preparation steps.
For this purpose we apply the semiparametric Cox model (Cox, 1972) . We will estimate the model for destination states employment and ALMP using the samples of table 4. The corresponding summary statistics can be found in table 7 (Appendix). It is evident from this table that the composition of the samples is similar. There are, however, important differences in particular with regard to the socio demographics and work history variables. By estimating the model for the different samples, we obtained six results for failure type employment and four for failure type ALMP. As it would require too much space to present all results in detail, we report two tables to present the range of results obtained by the estimations. Tables 5 for employment and 6 for ALMP contain the smallest and largest estimated coefficients and the smallest (largest) value of the lower (upper) 95% confidence band for each coefficient. While the confidence intervals provide information about the relevance of random sampling errors in this data, the width of the other intervals give indications about the relevance of data preparation decisions. Note that the interval endpoints are not bounds in a statistical sense (Manski, 2003) . This means that other plausible definitions of unemployment may yield estimates which do not fall into these intervals. Further theoretical work on this issue would be required to derive bounds for duration model parameters.
Also note that the interval endpoints in this paper are not related to the non-identification of competing risk models as independence is assumed throughout the paper. A hazard ratio greater than one corresponds to a higher hazard rate and therefore to a faster exit provided that everything else observed is equal. Tables 5 and 6 suggest that the interval spanned by the two extreme values of the estimated coefficients is often quite wide and thus precludes any causal inference. However, despite the data limitations it is possible to identify several interesting result patterns. Moreover, the confidence intervals due to random sampling errors are much tighter than the intervals spanned by the sensitivity analysis. As the confidence intervals are often very tight (almost zero), we do not perform statistical tests for equality of coefficients. We will now look at the estimation results in more detail.
Socio Demographics
The results suggest that older unemployed have longer unemployment periods before they find employment and it takes longer until they start a training measure.
Further nonparametric evidence using the estimator of Wichert and Wilke (2008) 
Summary and Conclusion
This paper explores the implications of missing information in UK administrative spell data for unemployment duration analysis. The main points of the paper can be summarised as follows:
• As the information in the JUVOS is restricted to claim periods, empirical research is limited as the data does not fully identify unemployment duration. In many cases the actual startand endpoint are unknown. Moreover, the pre-and post-unemployment labour market state of the unemployed are often unknown.
• These limitations are tackled as follows: based on some plausible criteria, we constructed unemployment duration by merging two or several subsequent claim periods and any unobserved gaps. Also, the uncertainty about the start date of the unemployment duration was reduced by restricting the analysis to unemployment spells with a pre-existing employment spell only.
• Our empirical analysis suggests that the data preparation steps have a strong influence on the resulting statistics. This highlights that the information content of the JUVOS may be rather limited for the specific purpose of the analysis. Empirical researchers should therefore undertake a sensitivity analysis or adapt their statistical model to account for the data issues.
The results also suggest that there are robust result patterns. Therefore, the JUVOS can be a stable data source for applied research but it depends on the specific research question at hand.
• Due to the large sample size of the data, random sampling errors are of minor importance.
To validate the stable empirical result patterns of this paper, further research could analyse their robustness with respect to the choice of the econometric model. It would also be interesting to investigate the robustness of previous work based on the JUVOS.
Depending on the research question at hand, the JUVOS may not contain enough information to identify sharp result pattern. In this case, an alternative data set such as survey data could contribute valuable identifying information. However, survey data has other limitations such as a limited sample size which does not allow an analysis of subgroups such as young or old unemployed.
The availability of merged administrative data from the United Kingdom under well defined access requirements by the data suppliers would be therefore an important contribution to improve the quality of independent research under equal opportunities. 
